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(57)Abstract: 

PROBLEM TO BE SOLVED: To rigidly magnetize a fixed 
magnetic layer into a single magnetic domain in a height direction 
and to reduce Barkhausen noise by forming the fixed magnetic 
layer with CoFe alloy, appropriately controlling a composition 
ratio, setting the magnetostrictive constant of the fixed magnetic 
layer to be a positive value and providing a face-centered cubic 
structure on a part of crystal structure. 

SOLUTION: The antiferromagnetic layer 1 of PtMn alloy, the fixed 
magnetic layer 2 of CoCFe, the non-magnetic conductive layer 3 
of CU, the free magnetic layer 4 of Co and the protection layer 7 
of Ta are continuously stacked on the base layer 6 of the non- 
magnetic material of Ta. The hard bias layers 5 of Co-Pt alloy are 
formed on both sides of the six layers and the conductive layers 8 
of W are formed on the layers 5. The composition formula of 

CoFe alloy is CoaFelOO-a, (a) is at.% and 30<a<80. The composition ratio is controlled and is set to 
be the positive value. When heat-treatment is executed while a magnetic field is given in the height 
direction (Y direction), an exchange anisotropic magnetic field is obtained in the interface of the layer 2 
and the layer 1. The magnetizing direction of the fixed magnetic layer 2 is made into the single 
magnetic domain in the direction of Y and it is fixed. 
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1 

v>r , MfSS^SittS C o F e ^^TM^ ^ fiXii lO 

e •^^OfflfiSia^Ji, C OaF eioo-a-C^fc$*t, a «i a 

t %T% 

3 O^a^S 0 

e -g•^(OafiS:^^i^ C oaF eioo-af StpStt, a Ha 20 
5 0^3^7 0 

-C* ^ If *:S 2 lamoy^ fef v/N-pi- y^i!!»M*^=-o 
[«*3I4] «FieilS?S1±®»cN i *^■^Si^Tv^*B 

e N i -g-<feOfflfi£^«i, C o aF e bN i c-C**? S ti. 
a. b, c l±a t %T. 

0^3^8 0, 2 0^b^70. 0<c^80 

e N i -&^<OffifiR*t±, C o aF e bN i cT-S*? ^ 
a, b, c (ia t 

50^3^80, 20^b^50, 0^c^30 

[«*JI7] HiIIEH^SS1±S t Lt"fflv»t,i^-^)C o F 
e N i -g-^Offl^^Ji, C o aF e bN i cT'**? $ 
C OaF ebN i c^'JHTE^O^ja'SrTC^C o <0^E8:Jt, 

Jta, b, c (a t %) A*, mT04,^ilcJ: >}aSix;t 40 

(C o : Fe : N i ) = (7 0 : 3 0 : 0) 
(Co:Fe:Ni) = (60:40:0) 
(Co:Fe:Ni) = (50:30:20) 
(Co:Fe:Ni) = (50:20: 3 0) 

:&v^Lil*Jl7ov»-fn:4»tclE«o>^tr 

(X = P d. R u. I r, O s, R h) > **VMiP t 50 



2 

-Mn-X^^-g-^ (X = N i . Pd, Rh. Ru, I 
r. Cr. Co) *«fflv>c,ii-6W*?i8IEmo:^l^>^^* 

[0 0 0 1] 

(Pinned) SS^^) <^]a['fb<0:*ifiIi:^gl5?ia#O|^S*$ 
»t-67';- (Free) «8[1±SOfiBi<kO:6-In]t(7)g8#T'm^ 

[0 0 0 2] 

fctSS^S-fUffl L/wGMR (giant magnetoresistive) ^ 
^ <7) 1 at* 0 . K-r-f :^ * if<0fEia/K#:d^'9<0 

fE$tmi^«ri^ffi-f 2.*>o-e*-&o 

m-cmm^ti^o -?-LTi<o4®oMffi5ui±^ -'n-k-'^ 

[0 0 0 31 tJ!3l5ri4, R3ii?attJgKJ4Fe -Mn (^ 

— -TVjifV) -g-^^-^N i -Mn (^•;''Jr;l/--v>:*' 

» ■^^m. m^m^mi^vy V -m&mizliN i -f 

(^) m. ttzy^- 7 :^miziic o-P t (n^^ 

IE@^JS1±iil4K5iiS1±Stc«LT®fi£S*i, MIES:^ 
**F e M n -g-^K-CJ^JS $ *l.Jt^l4m«f -CfiKK 

*^^7toi^, ltrlER!^?S14§;i«N i M n -g-^i^-CJg^ $ 

lES^sa-aiiom^tli, >'^'f (fB#5iK#*»?j05ji 
nfiSI^*|6]) Sit-So 
[0 0 0 4] * ;f7'J -mtSaOiK'ffcli. /^-^V^MT 

-CI4. MiE«m«*-c>, @^^^8itte, ^mtt^mesy' 
y'j-m^&.miz^mm.m (•t>:^mm *»^xc,tL*o 

fEifii«^^:4»?>«^anm#;4*#xibn^ ts 
(omita^Y'^ y i'<>'i-^M^hmiim^ys{^ (^w b:^ 
IS]) '^ifi]»tr^'fki-'2)o i<0 7 -ffiati)il*lT-<o^s^^:<o 

[0 0 0 51 
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[0 0 0 6] ljj^l, m^miim<omit?mi^mwi^ 

iJj:yf/>^ HilOffl!IB**«nix.lfA 1 203=5: ^cD^fe^M 
fill (i-^*)*»AB Sffiffli ; iEMIil) (0®**ng|5KSaiU 

[0 0 0 7] i<?3J: ^ «:t»ca»wT, ;^ kf v^<;i'7'S?iJK 20 

-b- > y Xo|§^i^;6*iS < * & 4 
[0 0 0 81 *l6?gii±fEt^5RO»SS:»*-r«./«:*!)<0 

[0 0 0 9] 

[a*S=Sr»*1--&/w*!)<0#Sl ^^mi. RSSSSite® 

C o F e-^^T-lJ^^^TiJ 19, S;tmfieH^5St±Jl<7) 



4 

[0 0 10] 2^|£?gT-ti, mllES^milSt LTfflv^c, 
^t-&C o F e-^^OiSEK^ti, C o aF e loo-aT-S^p $ 
fL, af±at%-e, 3 0^ a^8 0-C*^>i U 
<, J:'}iftL<l4x 5 0^ 7 0-Cfe4o 

[0 0 1 1] ttz:^^m-(^\t. m^mm^z-a i^^^f 

i^TV^T J;v>o C o F e N i -^^c^miK^ 

l±, C oaF ebN i cf^to^it, a, b, c Ji a t % 

O^aSSO, 20Sb^70^ OSc^SQ-Cab 
h:iti)mtL<. it9»$L<Ji, 5 0:2 a ;S 8 0, 
20Sb^50, 0^c^30-C*-S„ 
[0 0 121 $ MfECoaFebN icOHTciao 
#a?-7C*C o (Ofifiglt, TC^F e oa^Sit, tc^N i 
<Dm.^itbLtzbi. ffifiStJta. b, c (at%) ij\ 
J2iT<0 4 ,^ U i ij a S fLfc^Hrt -C* 4 ;i i: i*S «) *f t 

(Co:Fe:Ni) = (7O:30:0) 

(Co:Fe:Ni) = (60:40:0) 

(C o : F e : N i ) = (5 0 : 3 p : 2 0) 

(Co:Fe:Ni) = (50:20:30) 

[0 0 13] %fz. ^^m-c\i.ms^m.n.m\t. f t 

?tfCV>^F eMn-^^-^N i Mn'g-^^tCjt'<T, 

[0 0 14] i'iis^^^mxii. P tMn-g-^tCftx-T, 
X-Mn-g-& {X=Pd, Ru, I r. Os, Rh) , 
JbJE>vMiP t -Mn-X^.-^ife (X = Ni, Pd, R 
h, Ru, Ir, Cr, Co) Ji^SSSMtt® i: LTffiv^ 

[00 1 5] ^trJ^L/wJ: d ^;*>>'^•;^n!!^)^^?- 
t>iXXi5^. ABS® (iEffi) <n^i3m%^zm^hX'^> 

mm.nn.wm%m^zvc^x-k^\<^tzit\z. itriE;^ tr v/n- 

)\'fmM^m=f-\z\U >'^'^ h:5|6]U5lopi9]Ci)**«!iv> 
[0 0 16] ^<07ti6@S®tt^O^Ii;!i*ftOMr-*-J> 

r Lt do 

[0 0 17] -e^T-^^I^T-li. @a^tte<OSJM^iE 
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[0 0 18] 2|s:§|?g-Cli, frIfiH^«g^^**C o F e-g- 
^IK, C o F e N i -g-^JKT-®^?ftTV^-5o 
[0019] C o F e C o F e N i 

[0 0 2 0] t-f^ C o F e-&^«rH^«SttJli: LTi£ 
*^KLT> C o (n^^)£ch^mm-)jm&.^ (Hex) 

S i /S*S/T*@ : T a (50) /W-^m-Wm : P t 
M n (3 0 0) : C o F e (30) /^S 

JS : T a (10 0) 

10 0 2 1 ] sKMIiDCv^^* hnv^/^^y ^'f^To 
/jo 4iJC oF e-g-^OfiSKli^ C o f^-^y YiZF e 

oTto ^hiZfS.m^. 2 4 0'C<75?affi-C3B#^^<7?ffig^4■ 
7--;^t^SL7to ffi»*uenl)DL/wfiS#<±2 0 0 0 
(Oe) f^ofco -f-UT. 5!^a:&^±^»l^<Oi|IJ5g^4^ 
V S M »w J: 19 mitRn^M<om.^i>^ hOi/y h "CfFffl L 

[0 0 2 2] C o F e-&^*@^iS'ttJlt Lrit 



* S i /S«/Titfe^ : T a (50) /RS^att^ : P t 
Mn (300) /Cu (50) /H^fiS^S : C o F e 
(3 0) : Ta (10 0) 

[0 0 2 3] &m:^mt. ±i&Ltz^mmi3^m^<om 

(iJfe$^r:4^-3 7'co t /c, P t M n -g-^i: C o F e -g-^t 
10 (Dmizi3l^i>^mm^^%±i^Wi*>W^fzib{Z^ P tM 
n-&^i:CoFe'^^i:<OM»cCuKSrJfAt^^o ?SS 
Oiffl^lcJi, :)£:TC:a«-fflv», ±3$<73#g|K»w± 2 0 0 

(Oe) «9jS#S:enJPUria!ljeLf^o 

[0 0 2 4 ] C o<D&fiS:Jfe7!i«M=5:*«Sfc<OC o F 

Ltz0'mm'7)mm&ii&r<om ^ -cab&o 

S i /««/TJfeJi : T a (5 0) /R5ilKtt« : P t 
Mn (3 0 0) /B^fiSttS : C o F e (10 0) 
20 mm : T a ( 1 0 0 ) 

[0 0 2 5] «ri5i(0^]^-Ci±, jE«|*JgBl«^«r#i 
tz-ttzib\Z^ C o F e-g-^OKff * 1 0 0:*-V^^;^ hn 

XSSIlJfftcj: I9|#e>nfcll5f^<i'->:d»<b, CoFe-& 

30 jgfflfi!tic:fc»t'&iteB^B«it. (Hex) <r> 

il, is J: tl'^fDlBS^» (As) <^ilSr^ 1 ic^ U, * 

[0 0 2 6] 
[«1] 







Hex P©) 


Xs (XlQ-O 


Co 


Fo 


100 
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fcc+hcp 


eoo 


-20 


90 


10 


fcc+hcp 


6B0 


-CX5 


80 


20 


foe 


700 


+ 1-5 


70 


30 


foe 


800 


+ao 


60 


40 


foe 


80O 




50 


50 


fcc+bcc 


500 


+65 


40 


60 


fcc+bcc 


300 


+a4 


30 


70 


fcc+bcc 


20O 


+4.1 


20 


80 


boc 


100 


+23 



[ 0 0 2 7 ] El 3 J: -9 (H e 

X ) Co (Of&^it*^ 6 0-7 0 ( a t %) 



<omZ}k*). C o<75a^Jt3j*3 0 (at%) tl,±T-*^ 
50 i:, 2 0 0 (Oe) }:J.±(D^tk^:)ji±^^i)'mhix& Z 
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7 

t3i)*fc>35-So tfz. mmii. C o C7)ffl^it;4^#t 5 0 (a 
t%) r-h&t. •}> C o <DfS.^iti!)^ 

5 0 (a t %) iJil±(w!jc-2>i:, ^fe^tclSTLJS*^.^:^: 

o 

[0 0 2 8] #IC C o <^aBKJt**^ 90 ( a t %) &.± 

T«c(i, ^MfiS;JtJ::i5tt4C o F e -g-^<^ISBl«^**55 
^itrv^^o US ^ ic, C o <om.^itm^ 3 0 

(at%) JiLTT-*-&i:, C o F e -g-^Ofea^B^itfOti 
l?^T*«, b c c«it (#'i:>3i:^1i^) -C*^;!**, Co lO 
tOffijSJt A**«J 3 0 (a t %) m±-C**i:, CoFe-i- 
^«0lSB^B«^OiJ?'5r < t f c c«dt m-i-tL 

[0 0 2 9] 5 0 0 (Oe) m±03^^M:&tt« 

i id^-Ci-i., IJ C oOfflfi£ifc35**tj5 0~ 
8 0 (at%) r^OC o F e^^<0|SB^a«iil±, 

»), :fc§v>3J!^M:^1±mi^S:»*lc»±, CoFe-&^<0 

^SB^B«^o^^^* < t-suic f c c«itd*-g-*$fvrv» 
-stiff Uv»c:t***>d»*o 20 

[0 0 3 01 s:j.±(ommf^m-i^hc off>m.&}tii. 3 0 

(at%) m±-C*-&::i;:!i*$fS Lv^i t7!»?fc);J>So C 
oOffigS;Jfc**3 0 (a t%) iJlT-C-**i:,.^giM:&14 
(Hex) 3J*{STL-trT, @^?SttSO?S<k*Jg 

[0 0 3 1 1 >kiz. m^m^mt lxco f e-g-^^-ffi 
o]K«sS;liJ^J.T<oii ij t-*-£.<, 

S i ym^^T^m : T a ( 5 0 ) /SS^lSii® : P t 30 
M n (3 0 0) /H^fiSttS : C o F e (30) /#^«Bi 
14*ite:Cu (2 5) /y ';-?Bl4« : N i Fe (8 
0 ) /-ISSS : T a (50) 

li:t h n-AT**o ttzN i F (7'J- 

4 ) (Dm.^]tii. (N i : F e.) = (80:2 

0) -e*4o 

[0 0 3 21 ^®5lC'|j6fflL7t?fMfi8^^-;' ±5Et 
f^f^) V<r)m^*)^Mi:^^Cfzy<)i^if^^^-tf>^^X 

<r>m^itmx'tfmir^o-fzo 't(ommm^i:m4i,zm 

1-0 El 4 K^tX OiZ^ Co <OffifiKjtd^**-J 3 0 ~ 8 0 
(a t%) -C$>^t. Ky-f X5l^s^»ilteffi<rfiv^ 
C o (^iia^KJt 8 0 (a t%) m±H^r^i:, ^ 
■7 K>'-YX5l^$35J,#StiriS< i:cTV»-£,i t3i«i3;6^ 50 
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So 

[0 0 3 31 I115<i. j&fDiS3i^3&A st^y hV'fX 

[0 0 3 4] I2I4 i:i3V»TC o OfflBEJt**8 0 (a t 

«4> lll5C0S^*S*;5-'bJSS*^^tcav>*N ^-S-vMi^ 

ic, Co<oa^Jt**8 0 (a t%) Jil±»r^rSi:, mm 
(4^tci5v^'llic*i9, #JCC oom^Jt;!i*jKj9 0 (at 

[0 0 3 51 t i-5>-C , -«S:6«HCAB SM**SmU/^^ 
V K4^ST-^?-t:iP*3;&rL.;t3(i, ^WMP a (> «'>'<X 
*;i') 05lc>5ft'9/S:>;^Ji:Wt>tL, ■Etc, '^•>K{c3 0 0 

S-t^,t. m^SSLX&*»cJ:S^:^ttl4, (3/2) • 
A s • o (As (iffiSM, <r liX&ij) 0#fei-tflt-C, A s > 
O^rPjtf, -'N-r h:^r6]tC, As<0*t>tf, 

ICIi, 113 ir;^-t-5:3SS*^mi^ (Hex) 

[0 0 3 6] lll6tw^f«aE^5*14S&*»cJ:afiai?<0^9 

7!)«*!j5 0 (at%) §«'b:'c§ < C o OMfiK 

Jt*»*Sj5 0 (a t%) JBl±tC*-6i:, l^><r tC/J>$ < * 
-So #lwC o <7)aEE;ifc***tl9 0 (a t %) m±H^^-S>i: 

-E-fiJ: f) t'hS < ^r-So -^-OiSlRjJi, El 6 OC o <omjS; 
il:;i*8 0 (a t%) Jit±0«|5»tc^^»cgnTV»4o 

[0 0 3 7] *7tEI6lC:g5-f i^tc, C o <7)|afi£Jt*«i^ 
5 0 (a t %) mTiCirat, 2SS^M:^tt?cB[|?«± 5 0 0 

(Oe) tlTt****, jS^Jgfit}C&*lCj:ai8S|?**lk« 

m.%M\±M\zXi>m^ti^i:>-^tzm.^\t. }^m^± 
*o 0 6 Ic^i-J: d ic, C o<omB&lfc:J«8 0 (at%) 



(6) 



1-12 18 3 2 



[0 0 3 8] iU_h, BI3i5:v»Llll6c7)^]^^S*{Ci 0, 

C o(Dia^Jt<7)SfS Lv^ffiHSr 3 0-8 0 (at 
%) tLfzo c:o*eaF^-C*tH?, 1213 ic^l-J; ^ tcS 

-a5»; f c c«ii;4*-&tn> !13t-^i-J:^l-. 2 00 
(Oe) J[Jjl±(0XS^^;^1HS#^r»'i>- t^^-C-i-So $ 
C,tzia4 tc^i-J: -9 C o«^ffl^Jt*«3 0-8 0 (a 
t %) <:9flHrt-C-^>ixlf> Ky^rXfJ^^Sr 5%Jei 

[0 0 3 9] 4 J: >)iift LV^C oOiSfiSJt * 



10 
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*<^lEffl* 50-70 (at%) t Ltzo iOftfflrt-Cab 

3 IZT^i-X ^{15 0 0 (O e ) i3L±<D^m^i3^1&^i 

ffiS£J:t**5 0- 7 0 (a t%) OfEHrt -Cfenif, 
K ^ X§|^$ 3 % JiJ>T l::«l«IJ 1" i: ft^ * 

[0 0 4 0] 'Xi-^ C o F e N i -g-^^rS^JSIiSi L 

m^nmm. ^i^M^j^mw (Hex) iJio't&ffljasje 

[0 0 4 1 1 
[3E2] 







Hex (Oe) 
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eoo 
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800 
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50 
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foe 


800 


+1.7 


50 


10 


40 


foe 


700 


-05 


50 


0 


SO 
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700 


-25 
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80 


20 
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+15 
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70 
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500 
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70 


foe 
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90 


foe 
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. [0 0 4 2] ^2 (C^i"J: -9 l^C o <^ffl.fiS;i:b«r 5 0 (a 
t%) izm^L. F eOfflsS:JtS-4 0 (at%) *»fe0 
(a t %) t-C 1 0 (a t %) ^o/h? < LTV^§. N 
i coffifiKifcS- 10 (a t %) 5*^%. 5 0 ( a t %) 4f 1 

0 (at%) < LX^^< m^mmikii. fc 

cm^tbc cmi^t<ois.^mm-hf c cm^mm^ 

mit-r^<OT!)^^-A^i>o ^JJI^*tt5a# (Hex) li. N 

1 <7:)m.m&.i±^<-ti>^ti,zt y)iz^< 'Sf-s**, an 

ti, F e <Offl«Jt**/h $ < !{t -5) i i: -C/h ^ < 4 o T v> 

F e (73afi8;Jt3{i*2 0 (a t%) iii-TiZ fj:^ 

[0 0 4 3] ttz. Co<om^JtSr0 (a t%) lcL> 
Fe<7).a5gJt«r8 0 (a t %) i^h 10 (a t%) tX' 
< L-CV»§, N i Oji.fi£JtiS: 2 0 (at%):*»'b9 
0 (at%) tX±^ < LX\>^< m^nm^lt. be 

c^||jt##;4>t> i c ciiiit b c c IH^t t <0?I^ISjt-^ 
'^-ft L. ? t> tz f c c «iS i: b c c ISii t <^zlfiS;^S5fi54^ 

[0 0 4 4] ^^#:&tt?Ea#li, N i (Dm.^iti^iz^ < 



iii,Ztl,Zi.*)iz^ <^J:i>i)^. ^Sf±, FeOasKJt** 
/Jn$ < 4r4i t-C/h$ < *of v»§, F e<0«LE£Jt:d*2 
0 (a t%) Ja.Tt::*-6i:, SS^Ji^l-Jfiv^'d t »9 , 

|g*tcJ:»)\ F e OMfifcitS: 2 0 (at%) &.±iz-rix 

[0 0 4 5] >XI>~. a 1 i3 J: J/S 2 {C^^t^KMBS;*, 
117 (c^1-=xEH::7'D -i- ^ Ltzo ^^^Xit. HU^ 
40 i-(l) (II) (III) {IV) (omi^omJ&iti 
iifi Lv^i: LTiJ <3 , -enJ^JWOfll^, of 0 F e Offl 
^lt**2 0 (a t %) mTlwftS^Biai^ 7 0 (a t 

0 (a t%) Jil.Tl::=fc'5>i»t L< ^v>wi4, ltri£L7t 

So ^ll5it;'«2tca5i-J: TtC. F e <7)i|asS:Jt:dM 0 
(a t%) *SV>I4 0 (a t%) -C*^>t., ISSSJi:^^ 

fli i -3 r CI t *«*)7i--5) o 
[0 0 4 6] F e<!0a^it*«7 0 ( a t %) ISlifab* 
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eH i^±X'^m^rii>^^. Wi7 iz^-t (I) (I 
I) (III) (I V) <0«i*, CoO^fiSiJt 
;i«0-80 (a t%) ,Fe O^sSiJt/i* 2 0-7 0 (a 
t %) , idXirn i <OMfiS;it3S*0~8 O (a t %) (om 
Hl^«-»* Uv'ttHi L,Tv>^,e i<o«6Hi*|-cabfLl?, 

f c cm&i'^^^t^io * 

twli2 0 0 (O e) Ic^r-Se "» 
[0 0 4 7] J: "JiifS LV»C»I±, I1I7JC^-^- (II) 

(III) (IV) (Orni^. i-^J: t>-t} Co (Dm^itH)^ 5 
0-8 0 (at%) , Fe <r>fS.miti)^ 2 0-5 0 (at 

%) , ^airii i <offijs;jt**o~3 o (a t%) <oi6h 

*) , S f^iSa^WiSOii'-^: < t t -gBtc f c c m^^^-^m 
5 0 0 (Oe) J£Jl±0!$S^^:^a^lfSr?f;&Ci: 

[0048] a>{3»t Lv^Oli, 1217 tc^-r ( I V) <0 

(Co:Fe:Ni) = (70:30:0) 
(C o : F e : N i ) = (6 0 : 4 0 : 0) 
(Co:Fe:Ni) = (50:30:20) 
(Co:Fe:Ni) = (50:20:30) 

<, 8 0 0 (Oe) JSl±0^«S^*14fiS#*»2.it** 

10 0 4 9] m±.OJ:d lc:*:^gg-C»4. ESSJI^S^C 30 
oFe-g-^, *-6v^»4C 0 F e N i -g-^icj: iJ^^fiKL. 
CoFe-g-^, iSir/fC o F e N i -^^<75ia^Jt=SrJilt 
tcpgB-r^^ttcJ: ij, frfeSgm^Jl COMMIT IE <0M 
ICL-C. S.-:3|(rlE@^ffi8^)SOiteS«S<0-SPlw f c c 

to 0 5 0] 

i5J:t;'ll2li*lcABSS3i»<b^;tWf®iaT?*"9. X:fr 
fS) tc# ir^ ST-o "t-^SB^o <;«^ 4- jSSif L r ^ L r o 
4^, mi i3J:LK|12tc^^-t-;^tr>>'<^V7'i2>SJK^^- 50 
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li. ■?-<^±T^ :feJ:U'>'^'1' hiB!)<^®;?»*, {RlxIfA 1 2O3 
•^S i 02^i:'<0i^^JK (^^•;'7'm) lcJ:>JS^nT 
iJlJ, ABS® (IE®) o;^36*ir|.g6icjmjLTV^-6o 

[0 0 5 1] mi i3iivm2\,zm-t^^>^'(n'yMmm 

5S'5l£'i)*^*«!lV't::fet5, -?-C05l-a5il9rL.*l4*^2 0 OM 
P a~3 0 OMP a-Cab;&o ^riJ. m 1 i5 J: l/m 2 l'^ 

[0 0 5 2] m 1 i3J:C>'m2 OfttTtcJ^gS;$it-CV»a 
OliTa {{r>i^)V) fih^ffiWm.'^isiPcX'fm^lXfzT 
tt®6-C*^.o m 1 ■CI±r<73TSfe^ 6<0±tcS5i^^S 

K m^m\±m {y^>m.^m) 2, if?si4»ms3> 
xv'7')-m.^mAi)^mm.Lxmm^ixx\i>i>o ttzm 
2-c(4, MiETSfe® 6 7i;-?attS4. n^n. 

[0 0 5 31 -f-LTm 1 i3i:lfEI2 J;:a51-J: d tw. ft<> 
#T-5^fiS; $ 7 r-* -5, o T^S 6 3>> ib 7 

ixo&m<.i> fm^j:if^zi:.*)mm^ixtz^. m 
[0 0 5 4] ;>:tc^®co*j-K(cov^T|!i?i-ra„ Si':*: 

^mx\i. sM.m.'&Lm\-i)^v tun>k^\zx^mWL^ii 

TV»*o Pt-Mn-g-^li. F e -Mn-g-^if ifJCjfc'< 
xmm±^z'^iXX is ») . S ;t -/n > iJ-^iaS t s < , 
^t:>\z^^M:)j^^^ (Hex) v^-fefSS^iStt 

xi\^m^ixtzKm&i&.m 1 -cjbiiif, m 1 yzm-ta ^ ic 

i Ttm 2 i: -5 tr@^MttS 2 <0±lcjgfiS(i$fi.T 
fc, SSim^a 1 t 2 i: OlPffitf 

[0 0 5 5] ttz. P t -M n-g-^lCftxT. X-Mn 
-g-^ (X = Pd. Ru, I r, Os, Rh) , *-&V>J4 
Pt-Mn-X^-&^ (X = Ni, Pd. Rh, Ru. 
I r, Cr, Co) t:Kim.^m\ tLTfiefflLTti 
v>o ^:isP t -Mn-g-^isAl/fX-Mn^'&^cOffl^Jt 

14, (P t. X) : Mn = 1 : 9-3 : 7, *;tt4i : 
0. 7-1:1. 3-C*-6C:i:*«»* L< , J:i5»iL 
< 14 1 : 1 X'^iio 
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[0 0 5 6] H^SSttS 2 li C o F e 

C 0 F e N i -^^■C5^fiS;^*xTV^-&o tii^^^^ 

^l^V^^^fiXi, X^^L. ^-SvMiCo, NiFe-^ife 

iric J: I) f^^$ tir 'fc J: v^o ^mt4*m^ 3 li C u , 
HtrlB^^- K>'<-< T;^^5. 5(itRlx.lfCo-P t 
e^) -^^-^C o-C r-P t 

^Cu (HH) ^riftci 'J^JiS;$^L-0/»-&o 10 
[0 0 5 71 miisXV'm2K^-tX^iZ. @5E«SttS 

'^bo:^rl^3!l«Y:%■rfi]^c#^E'^b$^^@^^^^•^'o S/citfiB 
/^- hv-c-f 7;^^ 5, 5 lillS^x:^!^! ( h 7 ^'iliS:*r 

- K/'^'f r;^« 5. 5C»fJ#S:$lt'C, EIS^X*-|6]lc}lil 
[0 0 5 8] H 1 i3J:t/ll2 tC:^-r;^trv>'<;l'7'M5SJK 

4o?S'fb:^ip]*«x:&i&i*»?>Y:;&iR]^ifij 

UK ^m^mm.m a t H^fistt® 2 1 cowm. t tzn^^ 
m\^^m.m sty) -mnm 4 1 <^#ffi-cti:a=Sr^c: 

[0 0 5 9] «rIEH;gaS1±S 2 (Om-ftS: i 

•) Y:JJf6]iz3S@ic@Si'-5)/t*Mc, mifeS^fiSttil t L 
T'ffiffi^n'&C o F e-g-^ST'cJiC o F e N i -t^tom. 

-t ^ (C 5.o|SB%«iS'^iJ'-^: < t -asic f c c « 

ic, |lii3J:U-'1212H:^-t-;^krv>'<^V:7'i!!»ffil^^-e 
»i, ABS® (iE®) «)*7!i*^1-gCl-SUl ^(D^nM 

[0 0 6 0] ese-oT, ItFlEH^SIti® 2 0®S4-IEO'(t 

-fb^, 111^Y:^[6}JC|^®^-**^ t3i*T-§*o t/c. ^ 

^)-g|5irf c cm^i^^^^tiX\^^:h<DX'. ±^^£^1^ 

Y:^^l«JtcJ: i)3fiatw*a8E^bL@^L^-r < ^r-So ^<o 
X r> iz:^^mxii. @^ffiS14®<Ofi8i^*jE<OffiULT?5S so 
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l)miSa^«g'l±e2£D^'fblrlEI^Y:^|fi] 
2 O?a'fb«r0^Y:&lS]lc5SiHi::H^i-4 ii:*5-C# *o 

[0 0 6 1 ] :^^mx\i. mtm^m^m 2 A»C o F e 

-g-ifelKl-J: '3 5g^$tL-CV»-&Jaf&-. C o<0Sfi£]fc{±3 0 
-8 0 (a t %) -C^-S^^ Lv>o iOSEHrtT 

*fuif, msizm-tx^iz. mmiJE<om\zi-i>zti)f 

J.o^B^BlSdt<Oi^^:< irt-Sei- f c dfiSS-g- 
^S.-^-Siiiji^-ei, 2 0 0 (Oe) &.±<D^^m^^ 
l£|?S-»2.ii:3i*Rr8g-C*^)o f^cJ: L.v»C o<D 
m.&itl± 5 0-7 0 (a t %) •C^^.o CK^tafflrtf * 
rus. gia tc^-r J: -5 tc, ?aiM*jE<0^-CL*><):fciv» 
t7J*-Ci. E.ofg^fl|iiO:»:Sfa'Sr f c c« 
t^i^Ti, 5 0 0 (Oe) ja±o^E»M:frtt 
Sr t# C i: -6^ "I -C- * -5) o 
[0 0 6 2] t /c:*:5l?g-CI±, «IIS@SlSa^ 2 3i«C o 
FeN i#&K»cJ: i3JgfiSSfL-Cv»2,*&-&, C o 
Jtii 0-80 (at%) , Fe cO^fiSJtJi 2 0-70 
(a t %) . N i C7)fflfi2itl± 0 - 8 0 (a t%) fab-i. 

HT-BX-tf, (I) (II) (III) (IV) comni 
nxhi>o i<^IS*^l*|-C*tLl^, ffiaS=?:iE<^flttCi-«,i 
ti)^X^. 5.o^$B^B«it'0il?*< t "{>-gB»Cf c 
Sr-&*$-fr<6ii:3i*fi^. 2 0 0 (O e ) JSHJiO^ife* 

t# -2. - 1 pitl ^ * o 
[0 0 6 3] t "J^S Lv»ffi^S;it<OSBa»i, Co** 
50-80 (at%) . Fe*»2 0-^50 (at%) , 
Ni*^0-3 0 (a t %) r-fe*o i<^a^JtC0fEffl 

li, mi ^zm-r^Ttmxmx.^i. (i i) (i 1 1) 
(IV) ©ffi«i*i-c*-6o r<oiM«irt-e*ixidr, San* 

jEco^tT L;6^ v^-ftic-r & c: § , K-om^nm 
'^(Ti^ptt < i: ^-U\Z f c c«it«r-^:tSHJ-&-i:**-C 

5 0 0 (Oe) ^^^JlOX3^S:^^4^Kl^*^#4^:t** 

[0 0 6 4] $ ^trS(>»* Lv^ffia<75f£Hli, 1117 IC 
^1- (IV) <^fSJ*rt, ■t«:i:>*>JilT<0 4,i((CJ: iJHi 

A (Co:Fe:Ni) = (70:30:0) 

B (C o . F e : N i ) = (6 0:4 0:0) 

C (Co:Fe:Ni) = (50:30:20) 

D (Co:Fe:Ni) = (50:20:30) 

i<Df&artT-*ni?, mm.-^iL(r)mrQ-K%^^mz-f:i>z. 

8 0 0 (O e) J£l±W2!£ift^:^145g#!iSr»*::i:7j»Dri6 

[0 0 6 5] ^(n>i.n\z-if?^mx\t^ m%w^m<r>w^ 
ibiSrai^lcPlni-iiliH^^ioT, fiSS^iEO^Hc Ur 

:t)i:T-**I>t,ns?a^5¥14S!)*t::J: •)> !lg^Y:^{63lcg| 
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(c, iSa^affijioit-i < t f C c«it^-&*$ 

[0 0 6 6] Jil±OJ:dlc:$:|gH^TIi, ^^m^^^m^ 

[0 0 6 7] istc, 7.\f.>}'^)\^-rmM^%i-<Dnmm.'^^ 

i2i^Y:^ifi]ic^tf:^[S]<oj4:.:tj^£-fili 

[0 0 6 8] 

v»*»-g-, m^mn.m tLx^m^fii>c oF e^^t 

fziiC o F e N i -g-^OJltt^ipl-tTJffl^SiJt STj^ttHpSff 

[0 0 6 9] L^-i:>^^mxii. jeM4-iE<Ofit(c1--& t 
|H]Ii$ic, @^?S14e<^*SB%«iSOiJ?^t < t (>-gi5lc f c 30 

[0 0 7 0] itO-J: d tC2f:^0^T-J±, # v^^^^:^t4 
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[mi] :$:5§?g<0»l*ffi?g^<D;^.tf>/«;v.yi!!jflg^ 

[1121 *IS?g<ol^2|lit?g]lo;^ew-?;P7'i!!^MS? 

?r A B S ffifflO:*- fcBfMIil^ 
[SIS] S^^ti^i&C o F e-&^T-?gfiS;L7^c:^'g-<D, 
Co<^ffifi£Jti:^^^;^14iS# (Hex) t<r>rm. H 

Co <om.^itt^y yy^^c^^mto^^mi^i-i^^ 
y. 

[las] mmt^y ^ :i^±mt<nm^i7^ti^^ 
7, 

ime] mMm^m s- c o f e 't^-cj^& l fzm^<o. 

c o commit tm^wmiM\zxi,mwt<o'^m. co 

It t m^mm.M izxi>m^t ^mm:^^m^ t 

m 7 1 m^m^ S- C o F e N i ^^X'^mLfzm^ 

1 
2 

3 ^m^^mm 

5 /s- h'/'<4T:^m 

6 T*S 

7 t?-ag 

8 mm.m 

X h 7 ^' tiii^tR] 



[mi] [112] 
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